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(54) PIEZOELECTRIC PORCELAIN COMPOSITION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a piezoelectric porcelain composition which contains no lead and has a high 
mechanical quality factor by using, as constituent atoms or atomic groups of the composition, Bi, Na, Ti03 and LaFe03 m 
specified compositional ratios, respectively. 

SOLUTION: This piezoelectric porcelain composition has a composition represented by the general formula 
(l-x)(Bi0.5Na0.5)TiO3-xLaFeO3 (wherein 0<x≤0.3) and is produced by using Bi203, Na2C03, Ti02, La203 and Fe203, 
each having high chemical purity, as raw materials of the main constituents. The production process, for example, comprises: 
blending the above raw materials stoichiometrically with respect to the general formula to obtain a blend; mixing the blend in 
ethanol for 20 hr; maintaining the mixed material at 800°C for 1 hr to calcine the mixed material; thereafter crushing the calcined 
material over a 10 hr period; granulating the crushed material with polyvinyl alcohol as a binder into granules; subjecting the 
granules to press forming under 1 ton/cm2 pressure into a disklike body having a 20 mm diameter and a 1 mm thickness; 
sintering the disklike body at 1 ,100-1 ,200°C while maintaining the body at that temperature for 2 hr, to form a disklike sintered 
body; polishing the disklike sintered body so as to form its upper and lower parallel planes to each other; placing two silver 
electrodes on the upper and lower planes of the sintered body, respectively; and applying a DC electric field having a 4 kV/mm 
intensity to between the two silver electrodes in silicone oil maintained at 100°C to effect a polarization in the thickness direction 
in the sintered body. Thus, the objective piezoelectric porcelain composftion can be produced and applied to various 
piezoelectric devices such as filter and vibrator. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The piezoelectric-ceramics constituent which is expressed with general formula (1-X) (BiQ.5Na0.5) Ti03-XLaFe03, 
and is characterized by the range of X being 0< X<=0.3. 



[Translation done] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the piezoelectric-ceramics constituent used for a 

wave-motion device, a sensor, an actuator, etc. 

[0002] 

[Description of the Prior Art] Conventionally, the PCM[PbTiO3-PbZrO3-Pb(Mg0.5Nb0.5) Ti03] system porcelain which 
consists of the PZT (PbTi03-PbZr03) system porcelain and three components which consist of two components as this kind of a 
piezoelectric-ceramics constituent has mainly been used. It is because it can be suitably operated in the property corresponding to 
the demand when the use covers varieties, such as a sensor, an actuator, and a filter, and adjusts the rate of each amount of 
components by the above-mentioned composition system to properties required of each use being various with it, although 
piezoelectric [ as the reason / with the above-mentioned big constituent ] is shown of course. 

[0003] However, each of these constituents makes lead a principal component, and is contained more than 60wt% as a lead oxide 
by the raw material ratio. It volatilizes at the time of manufacture of temporary quenching, sintering, etc., and it is also considered 
that volatility of a lead oxide is high also at low temperature, and it is eluted out of industrial wasted However, in order to take the ! 
measures which prevent these, you have to invest a huge amount of costs for facility installation. Then, the material which shows a 
piezo-electric unleaded and big property is demanded. 

[0004] Moreover, the existing unleaded piezoelectric-ceramics constituent and the general formula (Bi0.5Na0.5) Ti03 had the 
low value of a mechanical quality factor, and it was difficult to have made it apply to the use of the filter for which a high 
mechanical quality factor is needed, vibrator, etc. 
[0005] ' 

[Problem(s) to be Solved by the Invention] this invention solves the above-mentioned technical problem, and is to offer the 
piezoelectric-ceramics constituent which has a unleaded and high mechanical quality factor. 
[0006] V 

[Means for Solving the Problem] this invention is a piezoelectric-ceramics constituent which is.expressed with general formula 

(l-X)(Bi0.5Na0.5)TiO3-XLaFeO3, and is characterized by the range of X being 0<X<=0.3. - 

[0007] 

[Embodiments of the Invention] As a principal component raw material, Bi 203 which is a high grade chemically, Na2C03, 
Ti02 and La 203, and Fe203 were used. These were blended in stoichiometry to general formula (1-X) (Bi0.5Na0.5) 
Ti03-XLaFe03 (0<=X<=0.4), and it mixed in ethanol with the ball mill for 20 hours. At 800 degrees C, this was held for 1 hour, 
and carried out temporary quenching, next trituration was performed for 10 hours. It corned using polyvinyl alcohol as a binder, 
and pressing -was carried out to disc-like [ with a diameter / of 20mm /, and a thickness of 1mm ] by pressure 1 ton/cm2. At the 
temperature of 1 1 00- 1 200 degrees C, baking was held for 2 hours and performed. ' ' 

[0008] This sintered compact was ground at the parallel flat surface, the silver electrode was prepared in the vertical side, 4kV 
[/mm ] direct-current electric field were added to inter-electrode in the 100-degree C silicone oil, and it polarized in the thickness 
direction. >._■■ 

[0009] And measurement of piezo-electricity and dielectric characteristics was performed about these samples. Using LF 
impedance analyzer, the piezo-electric property computed electromechanical coupling coefficients k33, kp, and kt and the 
mechanical quality factor Qm by the resonance-antiresonating method, and was evaluated. Moreover, dielectric characteristics 
measured on the frequency of 1 MHz using the LCR meter, and specific-inductive-capacity epsilon33 t/epsilon 0 estimated them. 
[0010] In TiO(Bi(l-X)0.5Na0.5)3-XLaFeO3, k33, kp, kt and Qm in the range, and epsilon33 t/epsilon 0 of 0<=X<=0.4 are 
shown in Table 1 . In addition, the null of X= 0.4 shows that it has not checked piezoelectric. Moreover, k33, kp, and kt of the 
range of 0<=X<=0.35 are shown in drawing 1 . 
[0011] 
[Table 1] 
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[001 2] According to Table 1 , it turns out that maximum 472 is obtained by X= 0. 1 5 and Qm has improved Qm to TiO 
(Bi0.5Na0.5)3. However, in the range of X= 0 and 3<X, Qm is very as small as 300 or less, and it turns out that utilization is 
difficult. 

[0013] Moreover, by 3<X, it is falling from drawing 1 rapidly to k33, kp, and kt not decreasing in 0< X<=0.3. Therefore, the 
range of 0< X<=0.3 is considered to be suitable for practical use. 

[0014] As mentioned above, without degrading k33, kp, and kt of TiO(Bi0.5Na0.5) 3 by making LaFe03 dissolve to 30-mol% to 

TiO (Bi0.5Na0.5)3, Qm can be raised and this becomes applicable to the use of a filter, vibrator, etc. 

[0015] 

[Effect of the Invention] As explained above, according to this invention, the piezoelectric-ceramics constituent which has a 
unleaded and high mechanical quality factor was able to be offered. 



[Translation done.] 



